I. INTRODUCTION
The use of computers in physics education is being rapidly changed by the availability of personal computers with increasing power at decreasing cost. Currently there are about one million general purpose microcomputers in the schools and colleges of the United States, and this number is increasing exponentially. Moreover, the computing power per unit cost of microcomputers is doubling about every two years so that, by the time they graduate, today's freshmen can buy microcomputers four times more powerful than the one they can buy today for the same price. There is probably no other area of contemporary life where innovation and obsolescence are occumng at such rapid rates.
The expanding sales of microcomputer equipment (hardware) has provided increased marketing opportunities for the packaged programs (software) to make computers do specific tasks. The amount and variety of such software has been increasing at a dramatic rate. The microcomputer industry has fostered the publication of new computer magazines and books at a rate that seems to exceed that of the proliferation of the hardware and software. These numerous publications have tended to make the traditional modes of communication about computers in physics education obsolete. A typical article in a physics journal appears perhaps eighteen months after the work was done, about the doubling time in the microcomputer revolution. New paths of communication about microcomputers and their uses in physics education will have to develop to take advantage of opportunities presented by microcomputers. To discover what is currently occumng in the use of computers in physics education, the abstracts of the papers given at the national and sectional meetings of the American Association of Physics Teachers, published in The AAPTAnnouncer four times a year, should be consulted. (The Computers in Physics Education Committee of the AAPT compiled a list of these abstracts from 1980 to 1985. This 42-page document is available from the AAPT Executive Office. )
SERVICE SOITWARE
The professional productivity of physicists can be greatly increased by the use of the general-purpose, service software that is available for the popular microcomputers. While much of this software was originally developed for business uses it is readily adapated to the variety of tasks that physics students and teachers must do. Physics teachers do many tasks repeatedly, for example, write letters; prepare lectures, class notes, and exams; record and determine student grades; and keep an inventory of physics equipment. There is service software commercially available to help with these tasks. For example, consider the following six tasks of physics education that can benefit from service software packages:
( 1) Writing. Word processing software (e.g., Word Perfect) can be of great use in the preparation of all written materials. Some of the more expensive software offer mathematical symbols. (1984) . The whole issue is collective of articles about the history of the personal computer, from the first home kit, Digi-Comp I in 1963, through the first kit minicomputer, Altair 8800 sold by MITS in January 1975, and into the packaged system area, Apple I1 and Commodore Pet in April 1977. The era of the personal computer is less than ten years old! IV. KEEPING U P TO DATE Once a person has done research in an area of physics it is possible to keep in touch with the main ideas and research results by reading a review article very year or two. In fact, the physics content taught in most physics courses has changed very little since Bohr, Einstein, and Heisenberg. Such a leisurely approach to keeping up to date will probably not suffice for computers in physics education. So much is happening so fast in computer hardware and software. If a group of faculty at the same institution will read different magazines and discuss, on a regular basis, ideas related to microcomputers and education, it will be possible to keep more nearly up to data in this rapidly changing area.
Furthermore, unlike physics, where the latest approved ideas show up only in professional, refereed physics journals, creative computer ideas, useful in physics education, may show up nearly anywhere, e.g., the idea of using a spreadsheet as a map of a scalar field appeared in an article by a homebuilder trying to calculate the brightness of the light shining on the floor of a room from an overhead lightbulb.
A. General circulation magazines
Most of what is going on in the computer industry is not happening in education first. The general literature gives an idea of what is going on now and likely to be influencing physics education in a few years. Most of these magazines offer product evaluations in every issue. They provide the product announcements and mailing addresses for the computer industry. Hardware Specific Journal. Each of the popular personal computers (Apple 11, Commodore 64, IBM-PC, Macintosh, Radio Shack TRS-80, etc.) has spawned periodicals (such as A+, Nibble, and incider for the Apple computers) which deal specifically with equipment and programs for that computer. These journals can be good sources of information to help answer hardware specific questions.
B. Computers and education magazines
The increase in the number of magazines on the use of computers in education matches the general growth in the computer industry. New magazines arise and old ones disappear. Check your local education library where you are likely to find The Computer Instructor, The Computer Teacher, Computers in the Schools, etc. All provide a source of information about the companies that are interested in distributing hardware and software for educational institutions. The list that follows is the tip of the computers-in-education iceberg.
Computers and Education, An International Journal, Wheaton, Exeter, Great Britain. Features a collection of articles from both sides of the Atlantic. ). This journal, published eight times per year, is available free on a limited basis. It is full of short product announcements, hardware and software publications, as well as a few articles relating to the whole spectrum of the use of technology in education.
Electronic Education (Suite 220, 13 11 Executive Center Drive, Tallahassee, FL 32301 ) . This magazine is published eight times a year and has been available free. It includes articles about people using electronic devices in education as well as announcement about conferences and workshops. This is a magazine that covers all disciplines and spans all of the grade levels of education.
C. National and regional centers National and regional computer consortiums and distribution centers are starting up around the country. They offer newsletters, reprints, and software.
Physics Courseware Laboratory. (Department of Physics, North Carolina State University University, Raleigh, NC 27695. Phone 919-737-2524.) The laboratory faculty has published software reviews in journals and put together a directory of about 400 commercial and 1600 public domain physics software packages. 
D. Users groups
Many cities have a number of users groups, Apple.Users, IBM PC users, etc., that meet monthly to discuss various aspects of the use of their hardware and software. They are a source of free, public domain software. * ( 13 ) "Free Software," A. Glossbrenner, Popular Computing 4(4), 82-84, 180 (1985) . ( E ) V. HARDWARE The hardware manufacturers, such an Intel, Digital, IBM, Hewlett-Packard, Control Data, etc., have some regular periodical that they are willing to send to educators. In addition, the computer magazines keep up a constant flow of information and rumors about the latest advances in computer technology.
Educational institutions and educators are not prepared, financially and psychologically, to purchase equipment that will be out of date in a few years. Much of the apparatus in general physics laboratory classrooms is more than 20 years old. How can they cope will computer hardware which gets better and less expensive every year? Most new personal computer hardware systems are based on one of two microprocessors, either the Intel eight or eighty thousand series of microprocessors (8088 or 80286) 
VI. SOFTWARE
The high volume of sales of personal computers gave birth to the software industry in 1978. Clever programmers developed packaged programs to enable people to get their computers to perform very complex tasks without having to learn a computer language such as Pascal. The primary markets for this service software are business and government, so educators have to be able to develop ways to apply these powerful computer tools to their specific tasks. The time when it seems reasonable to teach every science student a computer language may be rapidly drawing to a close. more recent languages are available through articles in the various computer magazines. The discussion about which language to teach students and why continues undiminished and new languages appear on nearly every horizon. *(20) "Languages For Students," F. A. Masterson, Byte 9(6), 233-238 (1984) . An evaluation of the suitability of various programming languages for student use.
B. Service software and utilities
In addition to new languages, new authoring languages for teachers and service software for varieties of tasks are always becoming available. Finding the best utility program for any specific teaching task is not easy to do, but many of the general purpose programs are flexible enough to be useful in physics education.
(21 ) Visicalc for Science and Engineering, S. Trost and C. Pomernacki (Sybex, 1983) . Gives recipes for using this service software. (E,I) (22) "Microcomputer Spreadsheet Programs in the Physics Laboratory," R. Feinberg and M. Knittle, Am.
J. Phys. 53 (7), 63 1-634 ( 1985) . A glimpse at some uses for the spreadsheet. ( I ) (23) "Spreadsheet-Gradebook Connection," W. C. Straka, J. Coll. Sci. Teach. 15,202-205 ( 1985) . Another example of using a spreadsheet in physics education. ( E )
VII. COURSEWARE
The development of a complete physics course using computer assisted instruction is a lengthy and expensive task. Most such attempts were made on the large machines and have been rendered obsolete by the personal computer revolution. The most complete courses in physics to date are the PLATO courses supported by Control Data Corporation (see Refs. 28 and 29 below). Many physics teachers have written a lesson or two on the computer. These individual lessons may be available as a swap, through CON-DUIT, or from a commerical software publisher. Regular reviews of courseware lessons are published in The Physics Teacher and Physics Education.
(24) Computer Assisted Learning in Physics Education, edited by A. Bork (Pergamon, New York, 1980 The next computer-based technology to have an impact on physics teaching will be the combination of the laser videodisc player and the personal computer. The marriage of these two devices will bring into the physics classroom 54 000 high quality color television pictures with stereo sound, available as a motion sequence or individually at nearly instant random access under computer control. Laser disc players have recently been available for under $200 in stereohide0 stores and there is a growing number of discs with subject matter of particular interest to physics students and teachers. 187-203 ( 1984) . Discusses videodisc and computer hardware, formats, and interfacing. ( I )
X. CLOSING REMARKS
Clearly, the impact of the computer on physics education will be profound. No one can begin to see what will be the range of influence the computer will have on the content and structure of physics classrooms in the future. There is one aspect that seems intriguing. Physics has always been fun for physicists. But the intrinsic fun of studying physics has frequently not been apparent to students in physics classes. The students have heard of the difficulty of physics and are often frightened by its substantial reliance on the language of mathematics. It is just possible that the computer can bring fun into the study of physics for everyone.
(37) "What Makes Computer Games Fun?" T. W. Feedback is invited: If this resource letter omitted your favorite articles or books, the ones that have helped you bring computers into physics education, please send reprints or references to this resource letter author.
